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Background: It is well documented that heightened levels of parenting stress have a negative influence on
children’s socio-emotional and behavioral development. Parenting stress may therefore be regarded as an outcome
variable in its own right. This study investigated whether a sensitizing intervention influences stress reported by
parents of prematurely born children until the children were age nine.
Methods: Preterm infants (N =146, birth weight <2,000 g) were randomized to intervention (N =72) with the
Mother-Infant Transaction Program (MITP) or a preterm control group (N =74) that received standard hospital care.
A term reference group comprised 75 healthy, full-term neonates. Parents reported on the Parenting Stress Index
(PSI) when the children were 6 months, 1, 2, 3, 5, 7 years old and on the PSI-Short Form (PSI-SF) at age 9. Main
outcomes were the mother’s and father’s reports of total, child and parent-related stress. Cross-sectional and
longitudinal analyses were performed using linear mixed models (LMM), taking dependency in the data caused
by twin pairs and repeated measures into account. Response rates were high across all follow-ups, and still
reached 85% from mothers and 72% from fathers at 9 years.
Results: Mothers in the intervention group reported better longitudinal development of child-related stress than
mothers of preterm controls, as they perceived their children as being more adaptable and less moody throughout
childhood until the age of seven. Less stress in the intervention group was revealed by cross-sectional analysis of
maternal reports at all ages, while fathers reported similar differences at ages three and five. Parents in the intervention
group reported stronger agreement on several stress scores on several occasions. Fathers with high interventional
participation (mean 54%) reported significantly less stress at age nine than those who participated less. Both parents
in the intervention group reported levels of stress similar to those experienced by the term reference group at all
follow-ups, while differences between the preterm control and term reference groups increased.
Conclusions: This early intervention reduces stress among parents of prematurely born children to a level reported by
parents of term-born children and enhances agreement between parents.
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High levels of parental stress have frequently been reported
when children are born preterm [1,2]. Prematurely born
children are at increased risk of behavioral problems
compared to term-born infants [3,4]. Reducing the levels
of stress is important not only for improving parental
psychological health but also because it may improve
the efficacy of interventions that target these children’s
behavioral problems [5]. These interventions thus justify
the assessment of parenting stress as an important outcome
in the evaluation of an early intervention program [4,5].
Parenting stress has been defined as a mismatch between
perceived resources, expectations and actual caregiving
demands [5], and covers stress from different origins
that places the parent-child relationship under lasting
pressure [6,7]. Schappin et al. [8] concluded that stress
experienced by parents of preterm infants has gradually
decreased over the last thirty years, probably due to
increased quality of care for preterm infants. On the
other hand, Treyvaud et al. [9] recently reported that
parents of very preterm children continue to report more
child- and parent-related stress lasting until children’s
age of (hereinafter ‘age’) seven. This may indicate that
parents of prematurely born children find it just as
difficult to interpret and adapt to the immature expressions
of a preterm-born infant today as they did 30 years ago,
irrespective of their child’s medical condition. The gap
between normal parental expectations and infant expres-
sive capacity needs to be reduced following the birth of a
preterm child.
Abidin has described stress as a multidimensional con-
cept; cumulative, highly influenced by the environment,
and a result of transactions between parent and child
that promote negative feelings in the parent [6]. Based
on this model, the Parenting Stress Index-Full Form
(PSI-FF) was created to capture (a) stress related to the
parent’s personality and vulnerability; (b) child characteris-
tics as perceived by the adult; (c) life events and; (d) the
extent of supportive environment that parents experience.
The PSI-FF distinguishes between different aspects of
perceived stress in child and parental dimensions, and the
Child Domain in particular reveals parental perceptions of
stress related to children’s individual characteristics.
Several studies have reported that high levels of parenting
stress may disrupt parental sensitivity and responsiveness
and lead to ineffective, dysfunctional parenting with
possible negative impacts on child development [5,9-11].
A meta-analysis concluded that significantly more child-
related stress was reported by parents of prematurely-born
children than those of term-born, in areas such as
distractibility/hyperactivity, demandingness and accept-
ability among children at ages between 1 month and
12 years [8]. These results are in accordance with studies
that have reported prematurely-born children to be moredemanding than term-born because of immature expres-
sion; poor self-regulation and restricted capacity to
interact socially in environments that are noisy, bright or
are generally characterized by non-optimal stimuli [12].
A premature birth may also disturb the maturation of
parental attachment bonds, which are regarded as an
essential part of the parental behavioral system, preparing
adults for caregiving [13-15]. Parental bonding is supposed
to have a special impact on parents’ capacities to cope
with stress, as significant associations have been reported
between low levels of stress and parental reports of a pre-
ferred parental bonding type (high level of care and low
level of control) at age seven [16]. Parental attachment
bonds may be regarded as complementary to the infants’
care-seeking attachment and deal with emotional ties that
involve the development of feelings of love [15]. Parental
attachment is in line with Abidin’s construction of an
Attachment subscale in the PSI-FF, which is loaded with
questions that address parents’ perceived difficulties in
establishing an emotional closeness to the infant [6,15].
Prematurity has been found to be a strong predictor of
diminished caregiving quality, while research has reported
a weak impact of prematurity on the development of child
attachment [13,17]. All aspects mentioned above under-
line the importance of strengthening parents’ ability to
cope with the delivery of a preterm child and to manage
this stressful situation.
Several interventions that aim to ameliorate these prob-
lems have been investigated. Key components of interven-
tions, all of which involve efforts to improve parental
outcomes and subsequently child outcomes, have been
described as psychosocial support, parent education and
therapeutic developmental interventions targeting the
infant [18]. The meta-analysis by Bakermans-Kranenburg,
van Ijzendoorn et al. concluded that interventions that
were able to enhance parental sensitivity were the most
effective [19]. This study evaluates whether a modified
version of the Mother-Infant Transaction Program (MITP)
[4] could strengthen parents’ perceptions of their preterm
child and prevent the increased levels of parenting stress
that have repeatedly been reported [20,21]. The MITP was
designed to facilitate social availability and interactions
with the newborn infant and thereby strengthen parental
enthusiasm, pleasure and empowerment [4]. Our group
has previously reported lower levels of parenting stress in
the intervention group until age two [22,23]. Moreover,
the intervention appears to improve the children’s socio-
emotional and behavioral development [24,25]. On the
basis of these findings, we hypothesized that preterm
intervention (PI) parents would continue to report less
stress throughout childhood, as stability in parents’ per-
ception of parenting stress is well documented [20,21].
The following questions were addressed: 1) has the early
intervention influenced the longitudinal development of
Table 1 Birth, medical and demographic information
PI group PC group TR group
N =72 N =74 N =75
Infant characteristics 1,396 ± 429 1,381 ± 436 3,619 ± 490
BW, mean ± SD, g 20 (28) 20 (27)
400 to 1000 g, n (%) 15 (21) 20 (27)
1001 to 1500 g, n (%) 37 (51) 34 (46)
1501 to 2000 g, n (%) 30.2 ± 3.1 29.9 ± 3.5 39.3 ± 1.3
GA, mean ± SD, week 17 (24) 19 (27)
<28 week, n (%) 36 (50) 19 (27)
28 to 32 week, n (%) 38 (53) 37 (50)
≥33 week, n (%) 16 (22) 18 (24)
Boy, n (%) 38 (53) 39 (53) 40 (54)
Twin, n (%) 16 (22) 14 (19) 0
Prenatal steroid use, n (%) 53 (74) 57 (77)
SNAP II, mean ± SD 8.3 ± 10.9 10.4 ± 11.3
CRIB score, mean ± SD, N =85 3.2 ± 2.8 2.7 ± 2.9
Received ventilation, n (%) 29 (40) 37 (50)
Duration of ventilation, n (%) 7.0 ± 18.6 7.1 ± 17.3
Postnatal steroid use, n (%) 9 (13) 10 (14)
Oxygen therapy at 38 week GA, n (%) 11 (15) 14 (19)
Abnormal cerebral ultrasound, n (%)
IVH grade 1 or 2 7 (10) 8 (11)
IVH grade 3 or 4 3 (4) 5 (7)
Periventricular leukomalacia 4 (6) 8 (11)
Maternal and social characteristics
Mother’s age, mean ± SD, years 30.8 ± 6.1 29.1 ± 6.4 29.7 ± 6.1
First-born child, n (%) 40 (56) 37 (54) 27 (37)
Mother’s education, mean ± SD,
years, N =131
14.6 ± 2.8 13.5 ± 3.2 14.9 ± 2.8
Father’s education, mean ± SD,
years, N =131
13.8 ± 3.1 13.5 ± 3.2 14.4 ± 3.2
Mother’s monthly income, mean ± SD,
1,000 Norwegian kroner, N =131
15.8 ± 7.7 14.6 ± 6.7 15.9 ± 8.0
Father’s monthly income, mean± SD,
1,000 Norwegian kroner, N =131
21.1 ± 8.7 19.9 ± 8.1 21.9 ± 9.8
Abbreviations: BW birth weight, CRIB Clinical Risk Index for Babies, GA
gestational age, IVH intraventricular hemorrhage, PC preterm control group,
PI preterm intervention group, SNAP Score for Neonatal Acute Physiology,
TR term reference group.
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are there cross-sectional differences between the preterm
groups in mothers’ and fathers’ reports of parenting stress
at any age until nine, when controlled for repeated mea-
sures? 3) how is the development of stress reported by
parents in the two preterm groups compared with that
reported by parents of term controls?
Methods
Participants
This study is a part of the Tromsø Intervention Study
on Preterms (TISP); a randomized, controlled study of
preterm infants with birth weight (BW) <2000 g, recruited
between March 1999 and September 2002 (Rønning,
Ulvund, Dahl & Kaaresen, 1998, unpublished research
protocol). Preterm infants were randomized into blocks
of six by using computer-generated numbers, to form
an intervention group (PI, N =72) and a preterm con-
trol group (PC, N =74), and stratified according to ges-
tational age (GA) <28 and GA ≥28 weeks. Healthy
newborns (GA ≥37 weeks) were also recruited from
the neonatal nursery to form a term reference group
(TR, N =75). Written, informed consent was received
from all participants before inclusion. Preterm controls
(PC) followed the neonatal intensive care unit (NICU)
guidelines for discharge of preterm infants, while term
controls (TR) were routinely examined once by a
pediatrician on their third day of life. Baseline data for
each study group have previously been described in detail
elsewhere [22,23], and are shown in Table 1.
Intervention
The intervention program was a modified version of the
MITP [4] aimed at 1) enhancing parents’ understanding
of their child’s expressions, and 2) promoting a sensitive,
positive and practical transaction between parents and
child. Eight nurses were trained to perform the inter-
vention and each family was guided by the same nurse
during all the sessions. Each intervention consisted of
7 hour-long sessions with parents and their baby during
the last week before discharge, and 4 home visits at 1,
2, 4, and 12 weeks post-discharge [4]. The modification
of the MITP included an initial session during which
parents could vent their feelings about their preterm
child. Mothers participated in all sessions while the
fathers’ mean participation rate was 6.5 sessions (SD =3.4),
which constituted 54% of the intervention program. In
the first session the parents and the intervention nurse
investigated the child’s capacities, focusing on the baby’s
readiness and social communication abilities. During the
following sessions, the parents were helped to recognize
and be sensitive to behavioral cues, signs of disturbed
regulation and stress in the child’s physiological, motor
and state organization. The guidance was given whilethey observed the infant together, and all comments,
questions and suggestions from the parents were appre-
ciated. Finally, this understanding was applied to daily
care by helping parents to make adjustments to their
child’s strengths and vulnerabilities, in order to reduce
stress levels and maximize the parents’ social engagement
with their babies. During the four home visits, these topics
were revisited and fine-tuned to individual needs, espe-
cially in connection with the child’s temperament, which
was one of the main topics of the third home visit. The
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All sessions were documented by logbooks written by the
interventionists, and implementation according to the
intervention manual [4] was ensured by logbook reviews
carried out by the study director (JAR).
Measures
At the ages of 6 months, 1, 2, 3, 5 and 7 years, parents
completed the Parenting Stress Index-Full Form (PSI-FF,
third edition) while the Parenting Stress Index-Short
Form (PSI-SF) was used when the children were 9 years
old [6]. The PSI-FF consists of 120 questions covering
three main dimensions of stress (child, parent and life
stress) while the PSI-SF consists of 36 questions extracted
from the parent- and child-related dimensions. A five-
point Likert scale ranging from ‘strongly agree’ to ‘strongly
disagree’ made up the response alternatives on both
questionnaires. At 6 months, only one parent reported
(mostly mothers) while mothers and fathers reported
separately on all the subsequent occasions.
The PSI-FF consists of two main dimensions: Child
Domain (47 items covering the subscales: Distractibility,
Adaptability, Reinforces Parent, Demandingness, Mood
and Acceptability), and Parent Domain (54 items covering
the subscales: Perceived Competence, Isolation, Attach-
ment, Health, Role Restriction, Depression and Relation
to Spouse). A Total Stress (TS) score was also computed
on the basis of all items except the life-stress questions.
The PSI-SF is reported as a Total Stress score and by three
subscales, each of which consists of 12 items: Parental
Distress (PD), Parent-Child Dysfunctional Interaction
(P-CDI) and Difficult Child (DC). Some questions in
both questionnaires are used to calculate a Defensive
Responding score, which indicates the degree of possible
inconsistent/denial reporting from respondents.
Both PSI-FF and PSI-SF are frequently used in research
[26,27], and the correlation between Total Stress scores
on these two measures is described as high (0.87) [6,28].
The PSI-SF, DC subscale consists solely of items from
the Child Domain in PSI-FF, and the Parental Distress
subscale items from the Parent Domain. The P-CDI
subscale includes items from both the Child and Parent
Domains and focuses on the parental perception of
transactions with their child and their expectations
about the child’s behavior [6]. The Norwegian versions
of both PSI-FF and PSI-SF were translated by Rønning
and Abidin, and were used in this study with the
permission of Abidin and Psychological Assessment
Resources, Inc. (PAR). The questionnaires have some
literal differences, in that questions in the PSI-SF may
be perceived as more negative and definitive than those in
the original PSI-FF format. The Life Stress (LS) question-
naire is part of the PSI-FF and was also used at age nine.
The LS questionnaire consists of 22 items covering majorlife events in the family that are assumed to be challen-
ging, even though they not are directly associated with
child or parental challenges.
Follow-up procedures
All the participating children received the same medical,
developmental, and psychosocial assessments with recom-
mendations about contacting other services if needed
(age 6 months, 1, 2, 3, 5, 7, 9 years). Questionnaires
were sent to the families approximately two weeks before
each assessment. TISP was approved by the Regional
Committee for Medical Ethics (2010/2153/REK nord) and
the Norwegian Data Inspectorate on three occasions (in
1999, 2005, and 2010).
Analysis
Because of repeated measures and the clustering effects of
twin pairs, all longitudinal and cross-sectional analyses were
performed by multilevel modeling (linear mixed models
(LMM), SPSS statistics, version 20, SPSS Inc., Chicago, IL,
USA). In the longitudinal analysis, time was treated as a
continuous variable. In the cross-sectional analysis, pre-
dicted mean group differences with 95% confidence inter-
vals (CI) were calculated. These analyses were also based
on a longitudinal model, but in these cases time was treated
as a categorical variable [29]. By varying the reference time
point in the analysis, predicted group differences could
be calculated. To assess agreement between parents, intra-
class correlations (ICC) were computed, and the difference
between the two independent intraclass correlation coeffi-
cients for the PI and the PC groups was tested as described
by Alsawalmeh and Feldt [30]. The impact of variable inter-
vention participation by fathers was analyzed by LMM
and adjusted to take into account the clustering effects
of twin pairs, and effect sizes in this case was given by
Pearson correlations. Effect sizes (ES) created by the use of
Hedges’ g are reported on predicted cross-sectional differ-
ences in mean scores between the PI and PC groups [31].
A P-value < .05 was considered significant. Randomization
and inclusion criteria resulted in well-balanced study
groups with one exception. Mothers in the PI group had an
average of one more year of education at inclusion time
(Table 1). The response rates were good throughout the
study, still reaching 85% among mothers and 72% among
fathers across all groups at age 9 (Figure 1).
Results
Longitudinal development of parenting stress in the PI
and PC groups
No group by age interactions were uncovered on PSI, TS
as reported by mothers or fathers from age 6 months
until 7 years (Figure 2). Mean scores in all three groups
were low compared to the American normative mean
score (222 points) reported by Abidin [6].
Figure 1 Study flow and parents’ reports on Parenting Stress Index (PSI) from 6 months to 9 years of age. At age 9, two mothers in the
TR group reported on PSI but their child did not attend the follow-up session.
Landsem et al. Trials 2014, 15:387 Page 5 of 13
http://www.trialsjournal.com/content/15/1/387In PSI-Child Domain a group by age interaction was
reported by mothers from age 6 months until 7 years
(F(5,642) =2.7, P = .02). While PI mothers reported child-
related stress as being at its highest at 6 months and
decreasing until age 7, PC mothers reported increasing
levels from age one until 5 years (Figure 3).The interaction concerning child-related stress in ma-
ternal reports may primarily be a result of two similar
interactions in the subscales Adaptability (F(5,654) =3.3,
P = .006) and Mood (F(5,663) =3.2, P = .007). All group
by age interactions continued to be significant when
controlled for maternal education (Table 1). No group
Figure 2 Parenting Stress Index (PSI), Total Stress reported by
mothers and fathers in the preterm intervention (PI), preterm
control (PC) and term control (TR) groups from 6 months
until 7 years.
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PSI-Parent Domain or by fathers in either child- or parent-
related stress.Parenting stress in the PI and PC groups at different ages
Cross-sectional differences (at age 6 months, 1, 2, 3, 5, 7
and 9 years) in parental reports of child- and parent-related
stress are reported first (stress reported at age 6 months, 1
and 2 years has been reported earlier [22,23], but now
predictions are based on a longitudinal model). Next,
significant differences in different aspects of parenting
stress (PSI, subscales) are reported. Lastly, agreement
between parents in the PI and the PC group are compared.
Mother’s reports of child, parent and total stress are
displayed in Table 2. Differences between preterm groups
were mostly around 0.5 SD, and ESs were at their highest
at 5 years in CD (ES =0.62). Mothers in the PI group
reported less total stress than mothers in the PC group
at every follow-up from age one until nine. Similarly,
they reported significantly less child-related stress from
age two until nine and less parent-related stress at ages
two, three and five.Figure 3 Mothers’ reports on Parenting Stress Index (PSI)-Child
Domain from age 6 months until 7 years.Fathers in the PI group reported significantly less child-
related stress (PSI, CD) than fathers in the PC group at 2,
3 and 5 years and less total stress at age 5 (Table 3).
Significant correlations were uncovered between reported
stress and the number of interventions in which PI
fathers had participated. Fathers who had participated less
reported more stress at age 3 in: Total Stress (t(57) =2.2,
P = .03, r = −0.32) and child-related stress (t(58) =3.0,
P = .004, r = −0.37). A similar result was found at age
9; Total Stress (t(58) =2.5, P = .02, r = −0.33); Parent-Child
Difficult Interaction (P-CDI) (t(52) =3.0, P = .01, r = −0.38)
and DC (t(50) =2.44, P = .02, r = −0.32).
Group differences in sub-dimensions of stress
The subscales of child- and parent-related stress, in which
significant differences between the PI and the PC group
emerged, are displayed in Table 4. For all differences
(whether significant or not) less stress was reported in the
PI group. At 6 months, outcomes on one single subscale
(Attachment) showed a significant difference between the
preterm groups (t(278) =2.9, P = .004, ES =0.56). Fathers
reported a similar difference on this subscale at age 1
(t(256) =2.8, P = .006, ES =0.55). More positive feelings
were reported by the PI group at age 1 on the PSI sub-
scale ‘Reinforces parent’ by both mothers (t(405) =2.3,
P = .02, ES =0.46) and fathers (t(328) =2.0, P = .05,
ES =0.44). Mothers in the PC group reported more stress
related to lack of competence at age 1 (t(220) =2.3, P = .02,
ES =0.47) and this difference between preterm groups
persisted until age 7, with the largest effect reported at
age 5 (ES =0.67).
A pattern of PI parents perceiving their child as being
happier than did PC parents emerged in fathers’ reports
at age 1 (t(364) =2.2, P = .03, ES =0.45) and in mothers’
reports at age 2 (t(443) =2.6, P = .01, ES =0.51). This dif-
ference continued to be reported by fathers until age 5
and by mothers from age 2 until 7 with increasing ES,
reaching 0.60 at age 7. Mothers in the PI group also
reported less distractibility/hyperactivity, better adapt-
ability to everyday challenges and a higher acceptability,
indicating that infants in the PI group matched their
parents’ expectations in a more appropriate way than
those in the PC group. At age 5, both parents reported
these differences (Table 4). Lastly, a significant difference
in the subscale Spouse (t(235) =2.0, P = .05, ES =0.37), as
reported by fathers, emerged at age 5 between the pre-
term groups. Analyses of the questions in this subscale
indicated that fathers in the PC group spent less time
with their partners than those in the PI group.
Parental agreement concerning stress in the two
preterm groups
The level of agreement between mothers and fathers
were computed separately for the PI and the PC groups.
Table 2 Mean scores and predicted mean differences in Parenting Stress Index (PSI) main dimensions as reported by
mothers in the preterm intervention (PI) and preterm control (PC) groups
Na PC, PI PC group
mean (SD)
PI group
mean (SD
Predicted mean
difference, (95% CI)c
P ESb TR group
mean (SD)
6 months Child Domain 68,72 94.3 (15.4) 88.1 (14.6) 5.1 (−1.0,11..2) .1 0.34 84.3 (13.3)
Parent Domain 116.9 (20.8) 108.9 (19.3) 5.3 (−2.2,12.7) .2 0.26 110.4 (20.3)
Total Stress 211.6 (34.3) 195.8 (30.2) 9.6 (−2.9,22.1) .1 0.30 194.8 (30.6)
1 year Child Domain 68,71 92.3 (14.6) 87.6 (17.8) 4.3 (−1.8,10.4) .2 0.26 86.2 (15.4)
Parent Domain 116.7 (20.3) 107.9 (20.6) 7.9 (0.5,15.3) .04 0.39 110.1 (20.5)
Total Stress 208.9 (32.6) 195.5 (35.5) 12.9 (0.5,25.2) .04 0.39 195.3 (33.0)
2 years Child Domain 60,68 93.5 (16.3) 84.2 (16.1) 9.8 (3.5,16.0) .002 0.60 82.3 (15.2)
Parent Domain 116.2 (18.9) 107.1 (19.6) 9.1 (1.6,16.6) .04 0.47 107.2 (21.7)
Total Stress 210.0 (30.8) 191.6 (33.1) 19.1 (6.5,31.6) .003 0.60 189.7 (34.8)
3 years Child Domain 66,69 95.3 (19.7) 84.2 (16.3) 10.5 (4.4,16.7) .001 0.58 82.3 (14.9)
Parent Domain 115.3 (21.4) 107.2 (20.6) 8.1 (0.6,15.6) .04 0.39 105.0 (18.0)
Total Stress 210.6 (37.8) 191.7 (33.6) 18.4 (6.0,30.7) .004 0.52 187.1 (31.1)
5 years Child Domain 63,67 97.1 (22.1) 82.3 (19.2) 12.9 (6.8,19.1) < .0005 0.62 80.3 (15.1)
Parent Domain 115.9 (23.4) 104.8 (21.8) 8.4 (0.9,15.9) .03 0.37 105.9 (21.7)
Total Stress 213.0 (39.9) 186.8 (37.9) 21.8 (9.5,34.2) .001 0.56 185.8 (33.8)
7 years Child Domain 63,67 94.0 (21.0) 82.7 (19.1) 9.7 (3.6,15.9) .002 0.48 77.7 (15.2)
Parent Domain 113.9 (23.2) 105.8 (22.8) 5.7 (−1.9,13.3) .1 0.25 103.7 (24.3)
Total Stress 207.9 (39.8) 188.8 (38.6) 15.8 (3.4,28.2) .01 0.40 181.2 (37.5)
9 years Difficult Child 61,67 25.4 (9.1) 21.3 (8.9) 3.9 (1.6,6.1) .001 0.43 19.1 (5.4)
Parental Stress 21.4 (7.1) 19.0 (6.0) 2.1 (−0.1,4.3) .06 0.32 19.1 (6.5)
Parent-Child Difficult Interaction 20.3 (5.7) 17.6 (5.6) 2.4 (0.6,4.3) .01 0.42 16.4 (4.4)
Total Stress 67.0 (19.6) 57.9 (17.9) 8.3 (3.0,13.6) .002 0.44 54.7 (14.9)
aNumber of reports from mothers in the PC and PI groups.
bEffect size, Hedges’ g, based on predicted mean differences.
cAnalyzed with linear mixed models (LMM), adjusted for repeated measures and clustering effects of twin pairs.
ES, effect size.
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occurred, intraclass correlations in the PC and PI groups
are reported and supplemented with P-values [29]. At age
2: Child Domain (ICCPC =0.25; ICCPI =0.69; P < .001), Par-
ent Domain (ICCPC =0.31; ICCPI =0.64; P = .01), Total
Stress (ICCPC =0.24; ICCPI =0.71; P < .001); age 3: Parent
Domain (ICCPC =0.26; ICCPI =0.59; P = .01); age 7: Total
Stress (ICCPC =0.43; ICCPC =0.65; P = .05) and age 9: DC
(ICCPC =0.36; ICCPI =0.61; P = .04), Parent-Child Difficult
Interaction (ICCPC =0.20; ICCPI =0.65; P < .001). Similar
tendencies were reported on all other main outcomes
except Child Domain at ages three and five, where agree-
ment was at the same level.
Did parents of preterm infants report more stress than
parents of terms?
Stress reported by the PI and PC groups was compared
with reports from the TR group in separate longitudinal
and cross-sectional analyses (Figure 2).The PC and the TR groups compared
Group by age interactions were found in total and
child-related stress as reported by mothers and in
child-related stress as reported by fathers (Table 5).
These three interactions are characterized by similar
trajectories, as the TR group reported decreasing levels
of stress from age one whereas the PC group reported
stress at a higher and stable level across pre-school
ages. Similar differences were found in several sub-
dimensions (Table 5).
Cross-sectional comparisons between the PC and the
TR groups revealed significant differences in all main
stress domains from age two until nine as reported by
mothers. PC fathers reported more child-related stress
than TR fathers at all follow-ups from age of one until
seven and more Total Stress at age seven and nine. Both
mothers and fathers in the PC group reported more
Parent-Child Dysfunctional Interactions at age 9 than
the TR group (P < .01).
Table 3 Mean scores and adjusted mean differences on Parenting Stress Index (PSI), main dimensions as reported by
fathers in the preterm intervention (PI) and preterm control (PC) group
Fathers reports Na PC, PI PC group
mean (SD)
PI group
mean (SD
Predicted mean
difference, (95% CI)c
P ESb TR group
mean (SD)
1 year Child Domain 51,61 96.0 (13.9) 89.3 (15.8) 4.5 (−1.8,10.8) .2 0.30 89.3 (12.2)
Parent Domain 113.5 (21.2) 105.3 (19.6) 6.6 (−1.4,14.6) .1 0.33 106.3 (15.3)
Total Stress 209.4 (32.7) 194.6 (33.9) 10.3 (−3.1,23.6) .1 0.31 195.7 (24.9)
2 years Child Domain 50,63 92.6 (13.1) 86.2 (16.9) 6.6 (0.4,12.9) .04 0.43 85.8 (11.3)
Parent Domain 108.4 (17.8) 103.3 (24.6) 5.6 (−2.3,13.6) .2 0.26 103.8 (16.9)
Total Stress 200.4 (27.2) 189.4 (40.3) 11.7 (−1.6,25.2) .08 0.33 190.0 (24.9)
3 years Child Domain 54,61 93.8 (14.8) 86.2 (16.6) 7.6 (1.3,13.8) .02 0.48 85.9 (12.7)
Parent Domain 105.4 (18.2) 103.7 (23.8) 3.0 (−4.9,11.0) .5 0.14 102.6 (17.0)
Total Stress 199.9 (31.0) 189.3 (37.5) 10.4 (−3.0,23.7) .7 0.30 188.7 (27.4)
5 years Child Domain 53,62 93.9 (20.2) 82.1 (15.6) 9.8 (3.6,16.1) .002 0.55 85.1 (15.5)
Parent Domain 105.2 (20.7) 98.1 (21.8) 5.3 (−2.7,13.3) .2 0.25 101.4 (18.8)
Total Stress 199.7 (37.3) 180.4 (34.9) 14.6 (1.3,28.0) .03 0.41 186.4 (32.1)
7 years Child Domain 54,55 92.4 (19.9) 87.2 (19.3) 4.7 (−1.6,11.0) .1 0.24 80.8 (16.2)
Parent Domain 105.2 (21.9) 100.2 (24.6) 4.2 (−3.8,12.2) .3 0.18 98.7 (18.5)
Total Stress 197.6 (38.5) 186.4 (40.5) 9.0 (−4.4,22.4) .2 0.23 179.4 (32.6)
9 years Difficult Child 51,55 21.6 (7.9) 21.3 (8.7) 0.6 (−1.6,2.7) .6 0.07 18.8 (5.9)
Parental Stress 19.5 (6.4) 20.5 (8.6) −0.1 (−2.5,2.3) .9 0.01 18.3 (5.6)
Parent -Child Difficult Interaction 19.0 (5.6) 18.6 (6.0) 0.5 (−1.5,2.5) .6 0.09 16.4 (4.5)
Total Stress 60.1 (17.6) 60.3 (21.3) 1.0 (−4.7,6.7) .7 0.05 53.5 (14.9)
aNumber of reports from mothers in the PC and PI group.
bEffect size, Hedges’ g, based on predicted mean differences.
cAnalyzed with linear mixed models (LMM), adjusted for repeated measures and clustering effects of twin pairs.
ES, effect size; TR, term control group.
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No differences were found in the longitudinal report of
total, child- or parent-related stress. In the distractibility/
hyperactivity and mood sub-scales, PI fathers reported
lower means before school-age and higher means at age
7 compared with TR fathers (Table 5). No significant
cross-sectional differences between the PI and the TR
groups emerged in reports of parenting stress from age
6 months until 9 years.
Discussion
This study evaluated whether a sensitizing, early interven-
tion affected the development of parenting stress among
mothers and fathers of prematurely born children until
age nine. The overall results indicated that the inter-
vention reduced maternal stress, but to a lesser degree
affected paternal stress in the intervention group. Differ-
ent longitudinal patterns between the preterm groups
were reported by PI and PC mothers on dimensions
addressing child characteristics. PI mothers perceived
their children as displaying higher adaptability and
happiness throughout childhood than did PC group
mothers. In addition, stress in the PI and PC groups
was reported at quantitatively different levels at differentfollow-ups. PI mothers reported less total and child-
related stress at all ages while PI fathers reported a
similar difference from PC fathers at age five. The inter-
vention may also have heightened the parental agreement
within families as a stronger association between mothers
and fathers responses was repeatedly found in the PI
group compared with the PC group. Finally, parents in the
PI group reported similar levels of parenting stress to
those of terms at all follow-ups, while longitudinal and
cross-sectional differences between the PC and TR groups
increased with age. Thus, our main hypothesis was sup-
ported, as parents in the PI group reported stress below
the levels of the PC group throughout childhood, and in
fact was comparable to parents of term-born children.
In answer to the first question, a stress-subduing effect
was found in the PI group concerning maternal perception
of child-related stress in such aspects as adaptability and
mood. More stress reported in these aspects of parenting
stress has in particular been associated with difficulties in
the parent-child relationship [5,6]. The intervention had a
sustained focus on support of early parent-child relation-
ships. Parents were asked to initiate and facilitate social
interactions whenever the child seemed to be ‘available’
but also to be sensitive to the child’s signs of distress and
Table 4 Significant differences between the preterm control (PC) and preterm intervention (PI) groups on Parenting
Stress Index (PSI), subscales
Mothers report Fathers report
Subdomains of
child-related stress
Subdomains of
parent-related stress
Subdomains of
child-related stress
Subdomains of
parent-related stress
6 months Attachmentb
1 year Reinforces parenta Competencea Reinforces parenta Attachmentb
Attachmenta Mooda
2 years Distractibilitya Competenceb Distractibilitya
Adaptabilitya Attachmenta Mooda
Demandingnessb Spousea
Moodb
Acceptabilityb
3 years Distractibilitya Competencec Distractibilityb
Adaptabilityc Attachmenta Mooda
Demandingnessa
Moodb
Acceptabilitya
5 years Distractibilityc Competencec Distractibilityc Spousea
Adaptabilityc Attachmentb Adaptabilitya
Demandingnessb Reinforces parenta
Moodc Demandingnessa
Acceptabilityb Moodb
7 years Distractibilityb Competenceb
Adaptabilitya
Demandingnessa
Moodb
Acceptabilityb
All analyses generated with liners mixed models (LMM), adjusted for repeated measures and the clustering effect of twin pairs. a = P <0.05, b = P <0.01,
c = P <0.001.
Table 5 Significant interactions with age between the term reference (TR) group and the preterm groups
Group by age interactions: PSI dimension (mother or father) F (df1, df2) P
TR - and the PC group Total Stress (Mo) 8.0 (1,641) .005
Child Domain (Mo) 12.5 (1,650) < .0005
Child Domain (Fa) 4.3 (1, 443) .038
Distractibility/Hyperactivity (Mo) 9.7 (1,660) .002
Distractibility/Hyperactivity (Fa) 4.6 (1,446) .033
Adaptability (Mo) 11.1 (1,659) .001
Demandingness (Mo) 7.7 (1,658) .006
Mood (Mo) 5.8 (1,670) .016
Competence (Mo) 5.6 (1,663) .019
Acceptability (Fa) 4.0 (1, 453) .045
TR - and the PI group Distract/Hyperactivity (Fa) 7.3 (1,473) .007
Mood (Fa) 5.4 (1,489) .020
Fa, reported by fathers; Mo, reported by mothers.
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http://www.trialsjournal.com/content/15/1/387need for ‘time-out’. This may have initiated better-timed
transactional patterns between PI mothers and their
infants compared to the PC group. At the first follow-up
(6 months) mothers in the PC group more often reported
their children as fussy and in a bad mood when they
woke up than the PI mothers did. This difference had
disappeared by age one. However, from age two onwards,
mothers in the PC group reported increased stress related
to their children’s mood and adaptability, while the PI
group mothers reported diminishing levels of stress
until age seven. These results were dependent on the
mothers’ answers to several PSI questions, but were
strongly influenced by one item throughout childhood:
‘I feel that my child is very moody and easily upset’.
Accordingly, reports from mothers at age one and later
show that the PC mothers perceive less happiness,
fewer smiles and fewer emotional responses from their
children than the PI mothers. It has already been shown
that premature babies may be less successful in showing
strong positive arousal responses (for example, smiles)
than full-term infants [32]. This suggests that the inter-
vention had an influence on maternal stress, in terms of
how mothers perceive their child and on their emotional
relationship. The following paragraphs briefly discuss
possible underlying mechanisms.
Heightened levels of stress are supposed to negatively
affect maternal responsiveness [33]. Laucht, Esser et al.
[34] studied the impact of maternal responsiveness on
behavioral development in premature children. They found
that problems such as anxiety and depressive mood
decreased with age in children with highly responsive
mothers, but increased where less sensitive mothering
behavior was observed. We might speculate whether
the intervention enhanced the ability of PI mothers to
acquire realistic expectations and a deeper understanding
about their children’s cues and need for support. Olafsen
et al. [35] found that mothers who had participated in
the intervention reported a strong association between
stress and their children’s regulatory competence at
6 months. This may be an early indication of a more sensi-
tive and synchronous interactional parent-child style. They
may have been better able to read their child’s cues and
‘do what it takes’ to help their child in its immature regu-
lation efforts. Another interventional aspect which may
have decreased parenting stress in the PI group is the in-
corporation of the initial ventilation session, which may
have strengthened the parents’ feelings of security and
helped to improve their self-confidence [18,34]. The ses-
sion may also have influenced these parents’ establishment
of a more robust parental attachment, which has been
described as a powerful antecedent of the quality of
mothers’ sensitive behavior [14,19,34]. The importance of
maternal attachment has been documented by Coppola,
Cassibba et al. [36] in connection with mother’s sensitivityat age 3 months. This was particularly powerful in mother-
infant dyads with prematurely born children.
Even though maternal perceptions of child-related stress
throughout childhood created the most significant differ-
ences between the preterm groups, the first reported
difference appeared in parent-related stress, on the sub-
scale Attachment at 6 months. Giving birth to a preterm
child has been described as having a negative impact on
maternal attachment [17,33,37]. The prolonged stay in the
hospital and the NICU environments disrupts the natural
physiological contact between mother and child. Borghini
et al. [38] found that only 20% of mothers of preterm
infants had a secure attachment representation at chil-
dren’s age of 6 months compared to 53% of mothers of
terms. According to Abidin, the PSI subscale Attachment
was designed to assess the intrinsic motivation of parents
in their roles as mothers or fathers [6], and this concept
appears to be closely related to the development of a care-
giving system as described by Walsh [15]. PC mothers
reported significantly higher stress scores than PI mothers
on several questions at 6 months, for example, ‘it takes a
long time for parents to develop close, warm feelings for
their children’ and ‘sometimes my child does things that
bother me just to be mean’. These statements illustrate
that a difference in experienced closeness and understand-
ing of the child may have emerged between the PI and the
PC mothers as early as 6 months post-discharge, with an
impact on parental perception of stress.
Evans et al. [33] found that experiential avoidance and
prenatal expectations were important predictors of mater-
nal attachment and responsiveness styles. They suggested
that avoidance could be used as a coping mechanism
among mothers who struggled to deal with the new
situation, but also as a predictor of weaker maternal
attachment and responsiveness. As already mentioned,
premature children may more often be characterized by
a more serious expression than full-term children [32].
This may be associated with reports of emotional instabil-
ity, observed for example as changeable moods, as have
been more frequently reported among preschool preterms
children than terms [39]. We therefore think that both
maternal attachment and the infants’ expressions of emo-
tionality might have been positively altered by the inter-
vention. The toddlers may have regulated their mother’s
feelings by their degree of susceptibility. When mothers in
the PI group, guided by their new understanding of their
individual child, were able to initiate interactions and elicit
positive emotional expressions from their child, it may
have become easier for them to establish an emotional
closeness to the child and reduce their experiences of
stress.
Deater-Deckard [5] emphasized that parenting stress is
experienced as negative feelings toward both oneself and
the child. More PC mothers expressed such negative
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responses from their infants at age one than PI mothers.
This produced a significant difference on the subscale
‘Reinforces parents’. This may be due to different expec-
tations between these groups of mothers, but could also
be a sign of subdued expressions of happiness among
infants in the PC group, possibly influenced by a weaker
emotional closeness to their mothers in these early
months of life.
The early differences between the preterm groups in-
cluded a difference in maternal experience of competence
at age one, and subsequently significant differences in
both competence and all child-related dimensions from
age two until seven. Parental education has been found to
be one of several key components in early interventions
for preterm infants [18] and the MITP offered PI parents
plenty of practical information and insights. We wonder
whether the gradually increasing differences in maternal
reports of stress between preterm groups, and a percep-
tion of poorer mother-infant adjustment among PC
mothers, could be related to transactional mechanisms
affecting the establishment of early parent-child synchrony
and parental support of their child’s regulation [40].
Feldman et al. [41] found that better synchrony in early
parent-child interactions at age 3 months predicted
higher self-regulation skills among the children at age
two. This was particularly important for children who
were perceived by their parents as being difficult to
manage [41]. This makes sense, as the difference between
groups in stress concerning adaptability, distractibility,
demandingness and acceptability were most evident at
ages three, five and seven. Hauser-Cram et al. [42] re-
ported similar increases in child-related stress among
parents of children identified with disabilities. They
identified variations in children’s self-regulation skills and
mother-infant interactional skills as critical components.
PI fathers’ reports of stress seemed to be less affected
by the intervention than those of PI mothers. The fewer
significant differences between PI and PC fathers may
also be influenced by great variability in father’s inter-
ventional participation. Negative correlations between
paternal stress and PI father’s participation rates were
evident on several measurement occasions. At age nine,
correlations between stress and participation were signifi-
cant in paternal perception of the child, father-child inter-
actions, and their overall reports of stress. Similar
correlations between paternal stress and the intervention
participation have previously been reported by Kaaresen et
al. at age one [22]. This may indicate that the associations
are effects of intervention, but they may also be influenced
by other factors such as differences in fathers’ motivation,
knowledge, and so on. Interestingly, the highest negative
correlation between reported stress and fathers’ participa-
tion were related to participation in the four home visits(r = −0.34). If this is a unique intervention effect it high-
lights the importance of including home visits in early
intervention programs, in line with a recently published
review [43]. The inclusion of fathers may also have pro-
moted a higher degree of shared perception of stress
between PI parents compared with PC parents. Morgan
et al. [7] argues that better agreement regarding roles
and challenges would be likely to produce more similar
levels of parenting stress within families. A stronger agree-
ment in the PI group was evident, especially at ages two
and nine. A further interpretation of these results is diffi-
cult, since until recently, fathers have not been taken into
account as independent informants in studies of parenting
stress and child developmental outcomes [7].
Finally, we compared parenting stress between the
preterm groups and the term reference group. Parents in
the PI group reported child- and parent-related stress
similar as TR parents, while both longitudinal and cross-
sectional differences between the PC and the TR group
throughout childhood did emerge. Even though the meta-
analysis by Schappin et al. suggested that parents of
preterm children have become less exposed to increased
parenting stress during the past few decades [2,8], our
findings cannot confirm that conclusion. On the other
hand, the occurrence of increased parenting stress fre-
quently reported by parents of prematurely born children
seemed to be eliminated by this intervention.
Strengths and limitations
A major strength of this study is the high participation
rates that were maintained throughout the study period,
reaching 85% among mothers and 72% among fathers
across groups even at age nine. Although randomization
generated a high degree of equality between preterm
groups in aspects of birth, medical and socio-economic
variables, PI mothers did have an average of one year
more education than the PC mothers. Maternal education
has previously been reported to be negatively correlated
with parenting stress [44] but in the latest meta-analysis
by Schappin et al. [8] maternal educational levels were not
found to influence any aspect of parental stress. Neverthe-
less, all our analyses controlled for the difference of one
year in mean maternal education. A limitation related to
the construction of the study lies in the nature of self-
reported questionnaires. Data collected by the PSI ques-
tionnaire are a result of parents’ subjective perception of
stress on a specific day. An inclusion of biological parame-
ters, such as the measurement of cortisol, may have safe-
guarded against faulty conclusions. Data may also be
influenced by the way questions are asked in the two
questionnaires. In the PSI-SF, questions are expressed
more directly (more directly problem-orientated formula-
tions), which may have amplified differences between
respondents in their perceptions of greater or less stress.
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We have previously reported interventional influences on
the longitudinal trajectories and cross-sectional differ-
ences on children’s behavioral outcomes [25]. Parenting
stress is known to be closely correlated with children’s
behavioral development [45] and relationships between
parenting stress and child behavior outcomes will be
reported in papers to follow. This study demonstrates
how an early child-centered and family-focused inter-
vention may reduce parenting stress across childhood.
This is a finding, not only concerning families taking
care of prematurely born children but possibly also for
other children and families at risk.
Conclusions
As hypothesized, we conclude that this sensitizing inter-
vention reduced maternal parenting stress and positively
influenced mothers’ perceptions of their children’s adapt-
ability and happiness. Different longitudinal patterns in
child-related stress were reported by PI mothers than
by PC mothers throughout childhood. In all PSI main
dimensions, significantly higher levels were reported by
PC mothers and fathers at every age until the age of
five. Stronger correlations were found in parenting stress
reported by parents in the PI group than the PC group,
indicating more shared perceptions of their children after
intervention.
Finally, both parents in the PI group reported parenting
stress similar to the term reference group at all follow-
ups, whereas differences between the PC and TR group
increased with age throughout childhood.
Abbreviations
CI: confidence interval; CRIB: Clinical Risk Index for Babies; ES: effect size;
GA: gestational age; ICC: intraclass correlation; LMM: linear mixed models;
LS: Life Stress; MITP: Mother-Infant Transaction Program; NICU: neonatal
intensive care unit; PC group: preterm control group; PD: Parental Distress; PI
group: preterm intervention group; PSI: Parenting Stress Index; PSI: DC, subscale
in PSI-SF named Difficult Child; PSI-FF: Parenting Stress Index-Full Form; PSI:
P-CDI, subscale in PSI-SF named Parent-Child Dysfunctional Interaction; PSI: PD,
subscale in PSI-SF named Parental Distress; PSI-SF: Parenting Stress Index-Short
Form; SNAP: Score for Neonatal Acute Physiology; TISP: Tromsø Intervention
Study on Preterms; TR group: term control group; TSS: Total Stress Score.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
IPL carried out the statistical analyses, interpretation of the data and drafted
the paper. BHH critically revised the statistical analyses, interpretation of data
and the article for intellectual content. JT coordinated the implementation of
the study and critically revised the interpretation of data and the article for
intellectual content. SEU contributed to the conception and design of the
study and critically revised the paper for intellectual content. JAR contributed
to the conception, design and implementation of the study and critically
revised the interpretation of data and the article of intellectual content. All
authors have read and approved the final manuscript.
Acknowledgements
This study was funded by grants from the Northern Regional Health
Authority in Norway. We thank the children and parents for theirparticipation in the study. We thank Lauritz B Dahl and Per Ivar Kaaresen for
their contributions to the design and performance of the study, and also
thank the nurses (Unni Byrknes, Nina B Cheetham, Randi Berg Høier, Hilde
Sletvold, Anne Uhre and Kirsti Vikhammer) who implemented the
intervention program.
Author details
1Child and Adolescent Department, University Hospital of Northern Norway,
Tromsø, Norway. 2UiT, The Arctic University of Norway, Health Faculty,
Tromsø, Norway. 3UiT, The Arctic University of Norway, RKBU Nord, Tromsø,
Norway. 4Department of education, University of Oslo, Oslo, Norway.
Received: 21 January 2014 Accepted: 9 September 2014
Published: 4 October 2014References
1. Singer LT, Fulton S, Kirchner L, Eisengart S, Lewis B, Short E, Min OM,
Satayathum S, Kercsmar C, Baley JE: Parenting very low birth weight
children at school age: maternal stress and coping. J Pediatr 2007,
151:463–469.
2. Singer LT, Fulton S, Kirchner L, Eisengart S, Lewis B, Short E, Min OM,
Satayathum S, Kercsmar C, Baley JE: Longitudinal predictors of maternal
stress and coping after very low-birth-weight birth. Arch Pediat Adolesc
Med 2010, 164:518–524.
3. Aarnoudse-Moens CSH, Weisglas-Kuperus N, van Goudoever JB, Oosterlaan
J: Meta-analysis of neurobehavioral outcomes in very preterm and/or
very low birth weight children. [Review Article]. Pediatrics 2009,
124(No.2):717–728.
4. Rauh VA, Nurcombe B, Achenbach T, Howell C: The mother-infant transaction
program. The content and implications of an intervention for the mothers
of low-birthweight infants. Clin Perinatol 1990, 17(1):31–45.
5. Deater-Deckard K: Parenting stress and child adjustment: some old
hypotheses and new questions. Clin Psychol: Science and Practice 1998,
3(2):314–332.
6. Abidin RR: Parenting Stress Index, Professional Manual, Third Edition. Odessa,
USA: PAR Psychological Assessment Resources, Inc; 1995.
7. Morgan J, Robinson D, Aldridge J: Parenting stress and externalizing child
behavior. Child Fam Soc Work 2002, 7:219–225.
8. Schappin R, Wijnroks L, Uniken Venema MMAT, Jongmans MJ: Rethinking
stress in parents of preterm infants: a meta-analysis. PLoS One 2013,
8(2):e54992.
9. Treyvaud K, Lee KJ, Doyle LW, Anderson PJ: Very preterm birth influences
parental mental health and family outcomes seven years after birth.
J Pediatr 2014, in press; doi:[http://dx.doi.org/10.1016/j.jpeds.2013.11.001].
10. Pihlakoski L, Sourander A, Aromaa M, Rønning JA, Rautava P, Helenius H,
Silanpää M: Do antenatal and postnatal parental psychological distress,
and recognized need of help predict preadolescent’s psychiatric
symptoms? The Finnish Family Competence Cohort Study. Child Psychiatr
Hum Dev 2012, doi:10.1007/s10578-012-0326-x.
11. Theule J: Predicting parenting stress in families of children with ADHD. In
PhD thesis. University of Toronto: Ontario Institute for Studies in Education; 2010.
Online resources downloaded 11 January 2013. https://tspace.library.utoronto.
ca/bitstream/1807/24894/3/Theule_Jennifer_A_201006_PhD_thesis.pdf.
12. Feldman R: From biological rhythms to social rhythms: physiological
precursors of mother-infant synchrony. Dev Psychol 2006, 42(1):175–188.
13. Korja R, Latva R, Lehtonen L: The effects of preterm birth on mother-infant
interaction and attachment during the infant’s first two years. Acta Obstet
Gynecol Scand 2012, 91:164–173.
14. van Bakel HJ, Maas AJB, Vreeswijk CM, Vingerhoets AJ: Pictorial
representation of attachment: measuring the parent-fetus relationship in
expectant mothers and fathers. BMC Pregnancy Childbirth 2013, 13:138.
15. Walsh J: Definitions matter: if maternal-fetal relationships are not
attachment, what are they? Arch Wom Ment Health 2010, 13:449–451.
16. Willinger U, Diendorfer-Radner G, Willnauer R, Jörgl G, Hager V: Parenting
stress and parental bonding. Behav Med 2005, 31(2):63–69.
17. Yarcheski A, Mahon NE, Yarcheski TJ, Hanks MM, Cannella BL: A meta-analytic
study of predictors of maternal-fetal attachment. Int J Nurs Studies 2009,
46:708–715.
18. Benzies KM, Magill-Evans JE, Hayden KA, Ballantyne M: Key components of
early intervention programs for preterm infants and their parents: a
Landsem et al. Trials 2014, 15:387 Page 13 of 13
http://www.trialsjournal.com/content/15/1/387systematic review and meta-analysis. BMC Pregnancy & Childbirth 2013,
13(suppl 1):S10.
19. Bakermans-Kranenburg MJ, van Ijzendoorn MH, Juffer F: Less is more:
meta-analyses of sensitivity and attachment interventions in early
childhood. Psychol Bull 2003, 129(2):195–215.
20. Gray PH, Edwards DM, O’Callaghan MJ, Cuskelly M, Gibbons K: Parenting
stress in mothers of very preterm infants - Influence of development,
temperament and maternal depression. Early Hum Dev 2013,
doi:[http://dx.doi.org/10.1016/j.earlhumdev.2013.04.005].
21. Halpern LF, Brand KL, Malone AF: Parenting stress in mothers of
very-low -birth-weight (VLBW) and full-term infants: a function of infant
behavioral characteristics and child-rearing attitudes. J Pediatr Psychol
2001, 26(2):93–104.
22. Kaaresen PI, Rønning JA, Ulvund SE, Dahl LB: A randomized, controlled trial of
the effectiveness of an early-intervention program in reducing parenting
stress after preterm birth. Pediatrics 2006, 118(1):e9–e19. doi:10.1542/
peds.2005-1491.
23. Kaaresen PI, Rønning JA, Tunby J, Nordhov SM, Ulvund SE, Dahl LB: A
randomized controlled trial of an early intervention program in low birth
weight children: outcome at 2 years. Early Hum Dev 2008, 84(3):201–209.
24. Nordhov SM, Rønning JA, Ulvund SE, Dahl LB, Kaaresen PI: Early
intervention improves behavioral outcomes for preterm infants:
randomized controlled trial. Pediatrics 2012, 129:9–16.
25. Landsem IP, Handegård BH, Ulvund SE, Tunby J, Kaaresen PI, Rønning JA:
Does an early intervention influence behavioral development until age nine of
children born prematurely? Child Dev accepted for publication; 2014.
26. Crnic KA, Gaze C, Hoffman C: Cumulative parenting stress across the
preschool period: relations to maternal parenting and child behavior at
age 5. Inf Child Dev 2005, 14:117–132.
27. Abidin RR: Bibliography for the parenting stress index. 2011, online
resource, downloaded 11 January 2013, http://www4.parinc.com/
webuploads/productinfo/PSI_Bibliography.pdf.
28. Haskett ME, Ahern LS, Ward CS, Allaire JC: Factor structure and validity of
the parenting stress index-short form. J Clin Child & Adoles Psychol 2006,
35(2):302–312.
29. Twisk JWR: Applied Multilevel Analysis. Cambridge: Cambridge University
Press; 2006.
30. Alsawalmeh YM, Feldt LS: Test of the hypothesis that the intraclass
reliability coefficient is the same for two measurement procedures.
Appl Psych Meas 1992, 16:195–205.
31. Hedges LV, Olkin L: Statistical Methods for Meta-Analysis. Orlando, FL:
Academic Press; 1985.
32. Eckerman CO, Hsu H, Molitor A, Leung EHL, Goldstein RF: Infant arousal
in an en-face exchange with a new partner; Effects of prematurity and
perinatal biological risk. Dev Psychol 1999, 35(1):283–297.
33. Evans T, Whittingham K, Boyd RN: What helps the mother of a preterm
infant become securely attached, responsive and well-adjusted? Infant
Behav Dev 2012, 35:1–11.
34. Laucht M, Esser G, Schmidt MH: Differential development of infants at risk
for psychopathology: the moderating role of early maternal responsivity.
Dev Med Child Neurol 2001, 43:292–300.
35. Olafsen KS, Kaaresen PI, Handegard BH, Ulvund SE, Dahl LB, Rønning JA:
Maternal ratings of infant regulatory competence from 6 to 12 months:
influence of perceived stress, birth-weight, and intervention: a
randomized controlled trial. Infant Behav Dev 2008, 31(3):408–421.
36. Coppola G, Cassibba R, Costatini A: What can make the difference?
Premature birth and maternal sensitivity at 3 months of age: the role of
attachment organization, traumatic reaction and baby’s medical risk.
Infant Behav Dev 2007, 30:679–684.
37. Poehlmann J, Fiese BH: The interaction of maternal and infant
vulnerabilities on developing attachment relationships. Dev Psychopatlol
2001, 13:1–11.
38. Borghini A, Pierrehumbert B, Miljkovictch R, Muller-Nix C, Forcada-Guex M,
Ansermet F: Mothers attachment representations of their premature
infant at 6 and 18 months after birth. Infant Mental Health Journal 2006,
27(5):494–508.
39. Jones KM, Champion PR, Woodward LJ: Social competence of preschool
children born very preterm. Early Hum Dev 2013, 89:795–802.
40. Sameroff AJ, Fiese B: Transactional regulation: the developmental ecology
of early intervention. In Handbook of Early Childhood Intervention. Edited by
Shonkoff J, Meisel S. Cambridge: Cambridge University Press; 2000:135–159.41. Feldman R, Greenbaum CW, Yirmaya N: Mother-infant affect synchrony as
an antecedent of the emergence of self-control. Dev Psychol 1999,
35:223–231.
42. Hauser-Cram P, Warfield ME, Shonkoff JP, Krauss MW, Sayer A, Upshur CC,
Hodapp RM: Children with disabilities: a longitudinal study of child
development and parent well-being. Source: Monographs of the Society for
Research in Child Development 2001, 66(3):1–114.
43. Goyal NK, Teeters A, Ammerman RT: Home visiting and outcomes of
preterm infants: a systematic review. Pediatrics 2013, 132(3):502–516.
44. Ong L, Chandran V, Boo N: Comparison of parenting stress between
Malaysian mothers of four-year-old very low birthweight and normal
birthweight children. Acta Paediatr 2001, 90:1464–1469.
45. Choe DE, Olson SL, Sameroff AJ: Effects of maternal distress and
parenting on the development of children’s self-regulation and
externalizing behavior. Dev Psychopathol 2013, 25:437–453.
doi:10.1186/1745-6215-15-387
Cite this article as: Landsem et al.: Early intervention program reduces
stress in parents of preterms during childhood, a randomized controlled
trial. Trials 2014 15:387.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
